factors, such as health policies and service availability, as well as family-level characteristics, such as socioeconomic position, are frequently observed determinants of dental utilization. 8, 10, 11 In Brazil, a universal healthcare system (SUS, Sistema Único de Saúde) began development in 1988 to provide health care as a fundamental right, following implementation recommendations from the Pan American Health Organization. 12 Although significant challenges persist, this approach has been credited with substantial advances, including health workforce expansion and 100% coverage of vaccination and prenatal care. 12, 13 Oral health was named one of four federal SUS priorities in 2004, leading to the Smiling Brazil initiative ("Brasil Sorridente") that aimed to integrate oral health care into SUS. This program greatly increased federal investment in oral health and expanded the number of dental professionals affiliated with SUS. 12 One component of Smiling Brazil has been to integrate oral health teams into basic health unit (UBS, Unidade Básica de Saúde) public primary care health centers throughout the country. 12, 14 Although large-scale surveys following Smiling Brazil implementation showed oral health indicators improve among older children and adults, 15 relatively little information is available related to dental service use among preschool children.
In a national study of 5-year-old Brazilian children, higher parental income and dental pain were associated with ever having visited a dentist. 16 To our knowledge, the only existing longitudinal study of dental service use among children was conducted in Belgium and showed slightly more than one-third of children had visited a dentist by age 3 years and that low maternal educational attainment was associated with service non-use. 17 Prospective evaluations of contextual characteristics, including type of dental services available at local health centers, could inform strategies to enhance dental service use early in life, potentially reducing the burden of oral health problems in later childhood. 18 Therefore, the objective of this study was to examine dental visitation up to age 3 years and the contextual, family, and child factors that potentially facilitate this outcome. We hypothesized that dental visitation would be greater among children whose mothers received services at Family Health Strategy health clinics or clinics with more dental personnel.
| METHODS
This observational prospective study was nested within a randomized clinical trial in Porto Alegre, in southern Brazil: a city of 1.4 million inhabitants with fluoridated community water. The trial intervention was a training program on healthy infant feeding for health professionals at UBS health centers. Control health centers received no training. Health and nutrition outcomes were evaluated prospectively among children whose mothers were recruited from participating health centers during pregnancy. To meet the sample size requirements for the intervention study, 20 health centers were selected from the 31 eligible citywide, and 715 mothers attending these health centers enrolled in 2008. Further information on trial methodology was published previously. 19 
| Data collection
Maternal and family-level variables were collected via questionnaire prior to infant delivery: infant gender, maternal age (later categorized as <20, 20-30, >30 years), maternal educational attainment (later categorized as <8, 8-10, >10 years), family composition (nuclear and nonnuclear), number of people living in the household (later categorized as <3, 3-5, >5), per capita income from all sources (later categorized in tertiles), and social class, based on Brazilian Association of Economic Research Institutes (ABIPEME) classification from highest (≥B) to intermediate (C) to lowest (≤D). Information about health centers was collected from the municipal health department, including UBS type (Traditional or Family Health Strategy), type of oral health team (none, Type I, or Type I & II), and number of dentists employed at the UBS (later categorized as none, 1, 2, >2). Family Health Strategy (Unidade de Saúde da Família) health centers feature inter-professional primary care teams that make proactive home visits to families within the UBS Why this paper is important to paediatric dentists
• Dental visitation by age 3 years was relatively uncommon and restorative treatment was rare, despite the apparent availability of dental personnel in municipal health centers; greater effort is needed to overcome barriers in connecting young children with appropriate preventive and restorative care.
• Family Health Strategy health centers were associated with greater dental visitation; expansion of this program, which includes active home visits to families with young children, may encourage the use of dental services in early life.
• Persistent inequalities in dental visitation suggest that further action is needed for the dental service delivery system to reach families of low socioeconomic standing.
catchment area, particularly for priority individuals, such as pregnant women and young children. Teams may include physicians, nurse practitioners, community health workers and may or may not include dental personnel. Traditional facilities rely on the patients to solicit care at the health center. For health centers that feature an integrated oral health team, Type I teams consist of a dentist and dental assistant. Type II teams additionally include a dental technician, who can perform limited preventive and restorative procedures.
Mother-child dyads enrolled in the study were revisited when the child reached 1 and 3 years of age (mean 3-year visit age: 38 months). The 3-year visit included both a maternal questionnaire and a child dental examination. Trained field workers administered questionnaires verbally. The primary outcome of this study, dental visitation, was assessed via the question: "Has your child ever visited a dentist?"
The Brazilian Portuguese version of the Early Childhood Health Impact Scale (B-ECOHIS) was used to assess parents' perceived impact of their preschool children's oral health on child and family quality of life. 20 The scale included 13 items related to the frequency of potential child and family impacts (eg, child psychological and physical symptoms and parent distress). Total score was summed across all items, with higher scores indicating worse quality of life (later categorized as 0, 1-2, >2). Two trained, calibrated dentists completed child dental examinations following modified World Health Organization protocols. 21 Teeth were brushed, dried with gauze, and each tooth surface examined under artificial light. Caries experience was later categorized according to the numbered of decayed (visually cavitated), missing (extracted), or filled teeth (dmft: 0, 1-4, >4). Clinical signs of dentoalveolar trauma were based on the Andreasen index 22 and categorized as present or absent. For dental caries, interexaminer (kappa = 0.75) and intra-examiner (kappa = 0.83 for both examiners) agreement were assessed in an independent calibration sample. For dental trauma, the interexaminer kappa coefficient was 0.70, and intra-examiner coefficients were 0.77 and 0.85.
| Statistical analysis
This analysis was restricted to the 435 children with a 38-month dental examination and no missing data for the dental visitation item (92% of the 475 children with a 38-month visit). Descriptive and bivariate analyses were performed to evaluate associations between health center, family, and child variables with reported dental visitation (chi-square).
In multivariable analyses, generalized estimating equations were used to estimate three separate log-linear models (one for each health center variable) for the outcome dental visitation and to account for clustering by health center (exchangeable working correlation structure). Separate models were estimated because some health center characteristics overlapped (eg, having no oral health team and having no dentists). All models included all child and family covariates, except for household income, due to colinearity concerns with other socioeconomic variables. Intervention or control group assignment in the trial was included as a possible confounder. Missing covariate data (0.1% of all possible values) were addressed using multiple imputation. Two robustness checks were conducted to handle the single health center with no oral health team: (a) repeating analyses with this health center excluded and (b) reclassifying the categories for number of dentists as 0-1, 2, >2. Analyses were completed using SPSS version 20 and Stata version 14.
| Ethical review
The study protocol received ethical review and approval from internal review boards at the Universidade Federal de Ciências da Saúde de Porto Alegre and the University of California, Berkeley. Mothers provided written informed consent for themselves and their children.
| RESULTS
Of the 435 children included in this analysis, only 26% had ever visited a dentist by age 3 years, but 40% had ≥1 teeth affected by dental caries, and 31% presented with dental trauma (Table 1) . Restorative dental treatment was extremely uncommon: Cavitated decay comprised 98% of the dmft index. Families in this population tended to be of lower socioeconomic position: 78% were social class C or below; 67% of mothers had 10 years or fewer of formal education (Table 1) . Traditional health centers served most families (75%), but the municipal health department listed all but one health center as having oral health personnel, covering 92% of families (Table 1) .
In pair-wise analyses, child dental visitation was positively associated with attendance at a Family Health Strategy health center (36% vs 23%) and with higher levels of maternal education and family social class (Table 2 ). Visitation was higher, but not statistically significantly different, among children with >4 caries-affected teeth or with dental trauma. However, higher B-ECHOSIS score, indicating more severe impact of caries on quality of life, was positively and statistically significantly associated with having visited a dentist (Table 2) .
In multivariable models (Table 3) , attendance at a Family Health Strategy health center remained a positive correlate of having visited a dentist (relative risk, RR: 1.54; 95% confidence interval, CI: 1.05, 2.25). Dental visitation was least likely if the health center featured no dentist and no oral health team; however, after excluding the lone health center with no dental personnel (or combining into the next category), there was no statistically significant association with dental visitation by size or composition of the oral health team. The association between dental visitation and care at a Family Health Strategy health center remained when the facility with no dental staff was excluded from analysis (RR: 1.47; 95% CI: 1.00, 2.16) and if number of health center dentists was added as a possible confounding variable (RR: 1.48; 95% CI: 1.01, 2.19).
Children of mothers of <8 years of formal education were about half as likely to have visited a dentist as children of mothers with >10 years of education, and children from families from social class ≤D were about two-thirds as likely to have visited a dentist as children from the most advantageous social class (Table 3) . Dental caries experience and dental trauma were not associated with dental visitation, but higher perceived impact on quality of life was positively associated with having a dental visit (Table 3) . Unexpectedly, visiting a health center assigned to the intervention group in the nesting trial was also positively associated with dental visitation (Table 3) .
| DISCUSSION
Among the main findings of this study was that three-fours of children had not visited a dentist within the first 3 years of life, missing an opportunity to utilize dental services. Additionally, there were marked inequalities in dental visitation, as only one in six children of mothers with low educational attainment or from low socioeconomic class | 627 families had visited a dentist. On the other hand, children whose mothers received prenatal care at Family Health Strategy health centers were more likely to have seen a dentist than children whose mothers received care from a traditional health center, suggesting that this mode of service delivery may encourage early use of dental services. Importantly, even among children with a reported dental visit, receiving restorative treatment was extraordinarily uncommon. This indicates substantial barriers and deficiencies in dental care delivery, despite the fact that the vast majority of health centers were ostensibly equipped with dental providers. Social and structural factors complicate parents' ability to seek dental services for their children. Harris and colleagues 18 proposed a model of preventive dental service utilization that incorporates barriers and facilitating factors at three levels: individual and psychological characteristics (micro-level); social and community norms and structures (meso-level); and broad societal policies (macro-level). In their model, factors interact at different levels, contributing to inequalities in utilization. 18 Previous studies documented T A B L E 2 Dental service use: association with health center, child/family characteristics, and dental health N Child ever visited a dentist P value a n (%) socioeconomic inequalities in early childhood use of dental services similar to this study, 11 including in Brazil. 8, 16, 23 In this study, child dental visitation decreased in a stepwise fashion across categories of lessening maternal educational attainment and family social class. Greater maternal education creates opportunities for employment and material goods, but also has been directly associated with more favorable child care practices, 24 potentially related to micro-level factors, such as facing fewer external stressors, greater perceived self-efficacy, or avoiding fatalistic beliefs in disease prevention. 25 Perceived importance of obtaining care and self-evaluation of oral health also stand out as micro-level influences of dental care seeking. 18 In this study, higher B-ECOHIS score, indicating greater perceived impact of dental disease on quality of life, was associated with having ever gone to a dentist, but clinical dental status (dmft or trauma) was not. Plausibly, families who perceived their child's dental condition as more impactful were more likely to seek dental care, independent of clinical severity. Reduced oral health-related quality of life was associated with dental visitation in other Brazilian studies. 16, 23 Thus, the interplay between clinical disease, social status, and how disease sequelae are perceived deserves exploration in additional settings. One health center in this study had no oral health team, and children of the families served there were, unsurprisingly, unlikely to have seen a dentist. However, among the remaining health centers, there was no meaningful difference in child dental visitation by type of oral health team or number of dentists employed. Although having dental providers was associated with dental visitation, virtually all caries experience identified in this study was untreated, indicating widespread treatment barriers. It is possible the municipal listings of dental service availability did not reflect reality in the health centers themselves. It may be that the available dental providers lacked training to treat very young children. The apparent disconnect between dental visitation and restorative treatment deserves further attention in comprehensively evaluating the Smiling Brazil initiative. Unmet treatment needs are not uncommon, even after reaching a dental provider, a complex issue involving barriers on the sides of provider and patient. 26 Harris and colleagues describe how positive interactions with the healthcare system can enhance further care utilization as a recursive, meso-level social process. 18 Brazilian municipal health centers were central to a separate program intended specifically to increase dental visitation in early childhood. 27 That dedicated program achieved levels of visitation higher than those observed in this study (35% in the first year of life), but fell short of the targeted 100% utilization, highlighting the need for further policies and strategies to achieve universal access. 27 This study did not record Family Health Strategy home visits directly, but did observe greater dental visitation among children whose mothers had been seen at these facilities. Pregnant mothers and young children in Family Health Strategy catchment areas are followed actively, and evidence suggests a positive influence on infant mortality. 28 We hypothesize that active outreach to families with young children, the specific training of Family Health Strategy professionals to encourage families to visit the dentist within a child's first year, and the presence of Family Health Strategy community health workers, who support and facilitate healthy behaviors and healthcare access, 29 all play roles in enhancing dental visitation in Family Health Strategy catchment areas.
The Family Health Strategy model has not been completely or evenly implemented throughout Brazil, and health providers themselves have expressed some concerns about quality and access. 29 Nonetheless, the Family Health Strategy approach could improve oral health, potentially through anticipatory guidance or early identification of dental problems with referrals. 12, 13, 15 In this study, assignment to the intervention group was also associated with having had a dental visit. This unexpected finding could be due to chance, or, we speculate, that when healthcare providers gave sound nutritional counseling, families were more inclined to seek other services at the health center. Among study limitations, the questionnaire lacked detailed items on dental service utilization, as this was not a focus of the nesting study. Self-reports could lack accuracy: For example, caregivers may have provided what they considered socially desirable or may have recalled as dental visits any oral screenings conducted in preschools or during Family Health Strategy home visits. Families may have moved from catchment area of the health center from which they were initially enrolled; however, the resulting misclassification would likely be non-differential, biasing estimates toward the null. In terms of external validity, the families in this cohort were of lower socioeconomic position than the municipal population overall, and thus, cannot be used to estimate child dental visitation in Porto Alegre or Brazil, generally. However, such families carry a disproportionate burden of poor health and deserve targeted policies for general and oral health improvement. Broad public policies, such as water fluoridation and sanitation, may benefit all socioeconomic groups but lack explicit focus on disadvantaged communities. 30 The 3-year visits took place in 2011-2012; efforts under the Smiling Brazil initiative since that time might have improved access to dental services, such expanding the availability of dental specialty centers and care provided in dental university clinics.
12 Study strengths included the longitudinal design, multiple measures of child, family, and contextual (health center) variables, and statistical approaches to account for confounding and missing data, with sensitivity checks.
| CONCLUSIONS
This study demonstrated limited dental visitation among preschoolers, as well as socioeconomic inequalities in visitation. Family Health Strategy health centers were associated with greater dental visitation, and expansion of this program could be a promising path toward improving oral (and general) health and reducing inequalities. More generally, observed disparities by maternal education reinforce that investments in education and social development yield potential gains in health. Finally, further efforts are needed not only to enhance access to dental visits but also to connect children with more effective preventive and restorative care. 
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